Introduction {#sec1-1}
============

Tuberculosis (TB) and diabetes mellitus (DM) are both still of much public health concern despite various efforts to reduce their incidence. With the epidemiological transition, the burden of disease from infectious diseases is supposed to be declining and the burden from noncommunicable diseases on the rise. However, nearly 95% of patients suffering from TB and 70% of patients with diabetes live in low- and middle-income countries, especially in Southeast Asia.\[[@ref1]\] The global rise in diabetes poses a huge challenge in the combat against TB. The TB capital, India, accounts for about a quarter of the global TB burden. It also has the highest number of people with diabetes globally, with as many as 60 million people suffering from type 2 diabetes.\[[@ref2]\] For a developing country like India, this has severe implications on its health system owing to the double burden from a high prevalence of TB and diabetes.\[[@ref2]\]

The association between diabetes and TB was suggested by researchers as early as the 1930s. Many researchers studied the impact of this duo (TB-diabetes) and considered it a major public health concern.\[[@ref3]\] Diabetes accounts for 14.8% (range: 7.1%--23.8%) of pulmonary TB and 20.2% (8.3%--41.9%) of smear-positive TB, as per a study conducted by Stevenson *et al*.\[[@ref4]\] The studies conducted in multiple settings in which TB patients were screened for DM found that the prevalence of diabetes ranged from 1.9% to 44% in these patients.\[[@ref5][@ref6][@ref7][@ref8]\] According to the World Health Organization (WHO) reports, diabetes triples a person\'s risk of developing TB, and globally, 15% of TB cases may be linked to diabetes.\[[@ref9]\]

Diabetes may adversely affect TB treatment outcomes and reduce the likelihood of a favorable outcome and increase drug resistance, the risk of relapse, and death.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\] Screening for DM in TB patients provides an opportunity for early detection and timely intervention for better treatment outcomes.\[[@ref15][@ref16]\] The importance of routine implementation of bidirectional screening of the two diseases was realized after the joint work done by the WHO and International Union against Tuberculosis and Lung Disease, which strongly recommended surveillance of diabetes in TB in all countries including India in primary health-care settings.\[[@ref17]\] Although Indian health systems have implemented policies for the screening of diabetes in TB patients and vice versa, a joint response is needed to improve the reporting and monitoring mechanism.

The literature available in this domain is predominantly of retrospective studies which rely heavily on medical records for the diagnosis of DM. The current study was conducted with the rationale of filling these lacunae in the literature by assessing the factors associated with diabetes and TB and the treatment outcomes to provide more evidence for the importance of screening for DM in TB patients to counter a dual epidemic.

Materials and Methods {#sec1-2}
=====================

The current study was a facility-based longitudinal follow-up study carried out on registered TB cases under the Revised National Tuberculosis Control Program (RNTCP) in TB units (five TUs) of Bhopal district from October 2014 to September 2017. We included all patients aged 18 years and above with established diagnosis of TB during the period of October 2014 to September 2016, excluding seriously ill patients such as those with TB meningitis, septicemia, etc., and pregnant patients. Type 1 diabetics who were hard to find in the community, there being no proper representation of that group, were excluded from the study.

The sample size was calculated, knowing that the difference in the prevalence of diabetes in TB patients and the general population was around 3%. The alpha (type 1 error) was set at 0.01, and the power was set at 80%. The sample size estimated was rounded off to 600 after accounting for a 10% attrition rate.

Null hypothesis (H~o~): Diabetes prevalence in TB patients is equal to that found in the general population (8%). Alternate hypothesis (H~1~): The prevalence of diabetes in TB patients is significantly more (11%) than in the general population.

The study participants were selected by a simple random technique using a random number table from already constructed sampling frame. A line listing of all TB patients of age 18 or above currently on DOTS (Directly Observed Treatment Shortcourse) therapy was made using TB register under RNTCP in Bhopal district.

The day of DOTS therapy was ascertained for all selected patients. Participants were contacted and the interview was conducted after obtaining informed consent by means of predesigned and pretested pro forma. This consisted of sociodemographic profile and TB status of patients with the type of TB, category, and duration of treatment together with blood glucose level, duration, and treatment history of diabetes. Patients were screened and diagnosed as diabetic with fasting blood sugar level ≥126 mg/dl or random blood glucose level ≥200 mg/dl in patients with classical symptoms of hyperglycemia and prediabetes with fasting blood sugar level between 100 and 125 mg/dl, according to the American Diabetes Association guidelines at the time of recruitment.\[[@ref18]\] Further, all participants were contacted after their treatment was completed, and the results of their treatment were recorded from the patient\'s register in the TB unit.

The variables of interest were the treatment outcomes by the RNTCP guidelines: the number of cured patients, treatment completed, failure, defaulters, death, transfers out, etc.\[[@ref19]\] A TB patient with bacteriologically confirmed TB at the beginning of treatment who was smear or culture negative in the last month of treatment and on at least one previous occasion was considered cured. A TB patient was considered as having completed treatment, if they had completed treatment without the evidence of failure, but with no record of sputum smear or culture results in the last month of treatment either because tests were not done or because results are unavailable, and was negative on at least one previous occasion. Treatment failure was when a patient\'s sputum smear or culture was positive at month 5 or later during treatment. A patient who received anti-TB treatment for more than 1 month and who had not taken anti-TB drugs for 2 months or more consecutively after the start of the treatment was considered to have defaulted. Loss-to-follow-up patients are those who did not start treatment or whose treatment was interrupted for 2 consecutive months or more. A TB patient is considered to have died if death was by any cause before the start of or during treatment. A patient is considered "not evaluated" if they transferred out to another treatment unit or if the treatment outcome was not known to the reporting unit.

Ethical approval from the institutional ethical committee was obtained, and informed written consent was obtained from all patients in the study.

Data were entered in Microsoft Excel 2007 and analyzed using Epi Info 7. All categorical variables were analyzed using the Chi-square test; *P* \< 0.05 was considered as statistically significant. Multivariate logistic regression analysis was done on variables found to be significant in the univariate regression analysis. Risk ratios (RRs) were calculated to assess the treatment outcome of diabetic and nondiabetic TB patients.

Results {#sec1-3}
=======

The total number of TB patients interviewed was 662, 352 of whom were male (mean age: 39.4 years) and 310 female (mean age: 33.5 years). Most of the patients had pulmonary TB (*n* = 462; 69.7%) as compared to extrapulmonary TB (*n* = 200; 30.3%). Around 536 (80.9%) were on Category I treatment and 126 (19.1%) on Category II treatment. Out of the total number of TB patients, 82 (12.4%) were diagnosed as type 2 diabetic; 28 of them (4.2%) were newly diagnosed and 108 (16.3%) were prediabetic \[[Table 1](#T1){ref-type="table"}\].

###### 

Characteristics of tuberculosis patients by diabetes status

  Variables                  TB patients   
  -------------------------- ------------- -------------
  Total patients             82 (12.4)     580 (87.6)
  Age group (years)                        
   ≤50                       34 (6.3)      499 (93.7)
   \>50                      48 (37.2)     81 (62.8)
   Gender                                  
   Male                      53 (15.1)     299 (84.95)
   Female                    29 (9.3)      281 (90.6)
  Education status                         
   Illiterate                10 (15.8)     53 (84.12)
   Literate                  72 (12.0)     527 (87.9)
  Socioeconomic status^\$^                 
   Lower                     14 (14.0)     86 (86.0)
   Middle                    67 (12.7)     458 (87.2)
   Upper                     1 (2.7)       36 (97.3)
  BMI                                      
   ≤25                       42 (8.1)      475 (91.9)
   \>25                      40 (27.6)     105 (72.4)
  Smoking                                  
   Yes                       40 (17.1)     194 (82.9)
   No                        42 (9.8)      386 (90.2)
  Alcohol consumption                      
   Yes                       14 (14.1)     85 (85.9)
   No                        68 (12.1)     495 (87.9)
  Family history of DM                     
   Yes                       23 (16.2)     119 (88.8)
   No                        59 (11.3)     461 (88.7)
  Site of TB                               
   Pulmonary                 71 (15.4)     391 (84.6)
   Extrapulmonary            11 (5.5)      189 (94.5)
  Treatment category                       
   Category 1                51 (9.5)      485 (90.5)
   Category 2                31 (24.6)     95 (75.4)

Socio-economic status \$; According to Modified BG Prasad Classification. BMI=Body mass index, TB=Tuberculosis, DM=Diabetes mellitus

Elderly (\>50 years), male, and obese TB patients were found to be significantly more associated with diabetes than female, young, and nonobese patients. In the current study, socioeconomic status, literacy, smoking, and alcohol status were not significantly associated with the presence of diabetes in TB patients. Those who had pulmonary TB and patients on type II treatment were prone to diabetes. Besides, in multivariate logistic regression, age, type of TB, treatment category, and body mass index (BMI) remained significant \[[Table 2](#T2){ref-type="table"}\].

###### 

Univariate and multivariable regression analysis showing factors associated with the presence of diabetes in tuberculosis patients

  Variable                  Diabetic tuberculosis patients *N* (%)   Crude OR (95% CI)   *P-Value*   Adjusted OR (95% CI)   *P-Value*
  ------------------------- ---------------------------------------- ------------------- ----------- ---------------------- -----------
  Age (\>50 years)          48 (37.2)                                8.69 (5.28-14.31)   \<0.001     9.27 (5.24-16.407)     \<0.001
  Sex (male)                53 (15.1)                                1.71 (1.06-2.77)    0.027       0.92 (0.44-1.94)       0.833
  BMI (\>25)                40 (27.6)                                4.3 (2.66-6.97)     \<0.001     2.11 (1.18-3.761)      0.011
  Smoking (yes)             40 (17.1)                                1.89 (1.18-3.02)    0.007       1.159 (0.55-2.42)      0.694
  Pulmonary TB              71 (15.3)                                3.02 (1.56-5.83)    \<0.001     2.02 (0.989-4.42)      0.054
  Treatment category (II)   31 (24.6)                                3.1 (1.88-5.1)      \<0.001     3.27 (1.80-5.942)      0.0001

Literacy status, socioeconomic status, family history of diabetes - Not significant in univariate logistic regression. OR=Odds ratio, CI=Confidence interval, BMI=Body mass index, TB=Tuberculosis

Of total 662 TB patients, 38% were cured, 45.7% were treatment completed, 3.2% were failures, 1.3% dead, and 9.1% were either transferred out or had not completed their treatment at the study period. The treatment outcome of diabetic TB patients was poor as there were more failure, relapse, and defaulter cases. There was also a significant difference in TB outcomes between TB-DM and nondiabetic TB patients \[[Table 3](#T3){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. The relative risk of the unfavorable treatment outcome (defaulter, failure, and death) of DM-TB patients was 2.78 (1.469--5.284) as compared to nondiabetic TB patients \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison of outcome of tuberculosis treatment in patients with diabetes and without diabetes

  Treatment output     Total*N* (%)   TB patients with DM*N* (%)   TB patients without DM*N* (%)   Chi-square test
  -------------------- -------------- ---------------------------- ------------------------------- ------------------------------
  Cure                 257 (38.8)     24 (29.3)                    233 (40.2)                      *χ*^2^=18.8, df=5, *P*=0.003
  Treatment complete   303 (45.8)     33 (40.2)                    270 (46.6)                      
  Failure              21 (3.2)       6 (7.3)                      15 (2.6)                        
  Defaulted            12 (1.8)       2 (2.4)                      10 (1.7)                        
  Death                9 (1.4)        3 (3.7)                      6 (1.0)                         
  Not evaluated\*      60 (9.0)       14 (17.1)                    46 (7.9)                        

\*Transferred out and those who not completed their treatment at study period. TB=Tuberculosis, DM=Diabetes mellitus

![Distribution of study participants according to their tuberculosis treatment outcomes (in %)](JFCM-27-91-g001){#F1}

###### 

Relative risk of unfavorable outcomes in tuberculosis patients with diabetes

  Outcome       Total*N* (%)   TB patients with DM*N* (%)   TB patients without DM*N* (%)   RR (95% CI)
  ------------- -------------- ---------------------------- ------------------------------- -----------------------------
  Unfavorable   42 (6.9)       11 (16.2)                    31 (5.8)                        2.78 (1.46-5.28), *P*=0.002
  Favorable     560 (93.1)     57 (83.8)                    503 (94.2)                      
  Total         602 (100)      68 (11.2)                    534 (88.7)                      

RR=Risk ratio, CI=Confidence interval, TB=Tuberculosis, DM=Diabetes mellitus

Discussion {#sec1-4}
==========

The aim of the present study was to find the prevalence of diabetes in patients with TB and its impact on treatment outcome of the disease. Most of the various studies done on the same domain to elicit this impact have been record based. This study was the first of its kind in this area. It was a prospective study in which the patient was followed from the start of treatment till completion, and the interview was done in a person. We found a higher prevalence (12.4%) of diabetes in TB patients and poor treatment outcome in DM-TB patients compared to nondiabetic TB patients (RR 2.78) registered under RNTCP in Bhopal district.

The overall prevalence of diabetes in our study was 12.4% and of prediabetes was 16.3%. Similar results were reported in earlier studies globally, and from India, the prevalence of diabetes in TB patients ranged from 9.5% to 44%.\[[@ref5][@ref6][@ref7][@ref20][@ref21][@ref22][@ref23][@ref24]\] Similar to other studies, the prevalence of diabetes in TB patients in our study was significantly higher in the older age group (\>50 years), males, smokers, and overweight (BMI \>25) patients.\[[@ref5][@ref6][@ref7][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29]\] In the current study, similar to a study in the United States, the socioeconomic status was not significantly associated with the presence of diabetes in TB patients.\[[@ref30]\] We also found that diabetes was significantly more common in patients with pulmonary TB and type II treatment category patients. This is supported by earlier studies in various parts of India.\[[@ref21][@ref24][@ref31][@ref32][@ref33]\]

A prospective study on the treatment outcome of TB in India showed the prevalence of DM in TB patients as 15.8% with TB-DM patients: failure as 5.6, default as 5.6, and death rate as 2.8, whereas in the present study, the prevalence was 12.4% and TB-DM: failure as 7.3, default as 2.4, and death rate as 3.6; the prevalence and poor outcome rates were similar as the study population and sample size were nearly equal.\[[@ref34]\] The finding of the current study supported studies in the United States and China, where patients with DM had 2.0% higher odds of death than patients without DM, and treatment failure occurred in 4.1% of patients without diabetes, but 6.7% of patients with diabetes.\[[@ref24][@ref35]\] The study in the United States also found that 9% died of TB or other causes while undergoing TB treatment, whereas in the current study, it was 1.4% due to TB. The inclusion of other causes might have led to an increased rate of recorded deaths in the US study.\[[@ref35]\] A systematic review of the impact of diabetes on TB outcomes found that the patients with diabetes had a risk ratio (RR) for the combined outcome of failure and death of 1.5, whereas it was 2.9 in the present study.\[[@ref36]\] Various theories have been proposed for poor TB outcome as a result of DM such as immunologic dysfunction, i.e., alterations in monocyte chemoattraction, alveolar macrophage activity, type I cytokine phenotype, and higher mycobacterial load in DM patients, which lead to a delay in microbial clearance and, in turn, affect treatment success.\[[@ref11][@ref12][@ref20][@ref35][@ref36][@ref37][@ref38]\] The unfavorable outcome in TB patients may be due to poor diabetic control, so rigorous glycemic control is necessary for the management of TB-DM.

Conclusion {#sec1-5}
==========

Diabetes and TB co-epidemic remains a major challenge in TB control globally. In the current study, a higher prevalence of diabetes in TB patients, as well as an unfavorable treatment outcome in diabetic TB patients, was found. This study shows that it is vital and feasible to screen TB patients for diabetes since we were able to implement a screening program within the routine system with existing staff. The nationwide TB and DM programs have already given a special emphasis on this duo to initiate a joint response to provide the much-needed care on both issues at both organizational and clinical levels.
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